Objectives: The effects of eccentric exercises on clinical outcomes and central pain mechanisms are unclear in neck/shoulder pain (NSP). The aims were to: (1) evaluate the clinical impact of unilateral eccentric training in female computer users with chronic NSP; (2) compare pressure pain sensitivity, temporal summation of pain (TSP); and conditioned pain modulation (CPM) in female office workers with and without NSP; and (3) assess sensitization and central pain responses after training.
T he annual prevalence of neck/shoulder pain (NSP) ranges between 30% and 50% in the working age population. 1 NSP represents one of the most common workrelated musculoskeletal disorders (WMSDs), 2 and is the leading cause of disability worldwide. 3 Computer use may increase the risk of WMSDs in the neck/shoulder, 4 with conflicting evidence and many controversies on this issue. 5, 6 Almost 50% of office workers experience NSP on a weekly basis, 7 and women report higher prevalence 6 and pain intensity, 5 compared with men. Multiple factors influence the natural time course of NSP in office workers. 8, 9 Among them, persistent and widespread musculoskeletal pain can play a role in the development of a chronic condition within this population. 5 No differences in response to experimental muscle pain stimulation have been reported in computer users with NSP compared with pain-free controls. 8 It has been suggested, however, that the excitability of the central pain system may be altered in subgroups of office workers defined by high clinical pain intensity and low mechanosensitivity thresholds over the neck/shoulder. 8 Temporal summation of pain (TSP) and conditioned pain modulation (CPM) have been used to assess central pain gain and impaired pain inhibition in musculoskeletal pain conditions. 10 Enhanced TSP and/or impaired CPM have been shown in chronic pain conditions, such as osteoarthritis, 11, 12 fibromyalgia, 13 whiplash-associated disorders, 14 and shoulder pain, 15 and in computer users with high NSP intensity. 8 There is promising evidence suggesting that measures of central pain modulation may be prognostic factors to predict the outcome, for example, after surgery 16, 17 or pharmaceutical interventions. 18 Strength exercise programs are effective in the management of neck and upper extremity WMSDs among office workers, 19, 20 which may prevent widespread hyperalgesia and dysfunctional central pain modulation, 8, 21 as a result of exercise-induced hypoalgesia. 22 The activation of descending pain-inhibitory mechanisms contribute to enhancing pain modulation after exercise. 22, 23 Physical activity involving repeated eccentric contractions can lead to initial damages in the active muscles, 24 but also to further protection against subsequent damages, 25, 26 supporting the role of eccentric bouts in treating NSP. 26 Eccentric contractions occur when the external force applied to the muscle surpasses the force produced by the muscle itself, resulting in a lengthening contraction (ie, elongation of muscle fibers). 27 To date, the efficacy of eccentric training on clinical outcomes, local and widespread sensitization, and features of central pain mechanisms have not been investigated in NSP. The aims of this study were to: (1) evaluate the clinical impact of unilateral eccentric training in female computer users with chronic NSP; (2) compare pressure pain sensitivity, TSP, and CPM in female office workers with and without NSP; and (3) assess sensitization and central pain responses after training. It was hypothesized that: (1) eccentric training would improve clinical outcomes; (2) computer users with NSP would show higher local and widespread sensitization, increased TSP, and impaired CPM compared with controls; and (3) the eccentric protocol would benefit pressure pain sensitivity and central pain modulation responses underlining the plasticity of the nociceptive system.
METHODS

Study Design
The study protocol was divided into 2 parts: in part A, a cross-sectional study was carried out including female computer users with or without persistent nontraumatic NSP. In part B, participants with chronic NSP underwent a 5-week eccentric training intervention.
Participants
For part A, 40 female computer users, aged between 23 and 67 years (mean age ± SEM, 44.3 ± 1.4) volunteered to participate. During part B, 19 of the 20 patients with NSP (mean age ± SEM, 46.8 ± 1.4) completed the eccentric training regime. Participants were recruited through advertising at Aalborg University. Using a body map chart, nonspecific NSP was defined as pain in the neck/shoulder area without any known cause and provoked by maintained postures, movements, and/or palpation. 1 Participants were included in the NSP group when their pain lasted > 12 weeks, 28 and they reported their worst pain within the last 24 hours and their average pain during the week before data collection to be > 2 on an 11-point Numeric Pain Rating Scale (NPRS). 5 Females reporting no pain or occasional pain ≤ 2 on the NPRS were assigned to the control group. All participants had to work for a minimum of 4 hours per day using a computer, had to be able to speak and understand English, and could not have been involved in regular strength training of the neck/upper extremities within the previous year. The exclusion criteria were as follows: pregnancy; previous whiplash 29 ; a history of neurological or mental illnesses; consumption of pain killers within the last 24 hours; drug addiction, defined as a continued and compulsive use of cannabis, opioids, or other recreational drugs; fibromyalgia 30 ; previous cervical spine or upper limb surgery; carpal tunnel syndrome 31 ; concomitant injury or pain from the lumbar spine; and heart diseases or hypertension. The study was conducted in accordance with the Helsinki Declaration and approved by the North Denmark Region Committee on Health Research Ethics, project number N-20160023.
Protocol
Outcomes were collected by the same examiner. Demographic and clinical data were initially collected. For part A, the outcome measures were assessed during a baseline session lasting 90 minutes. Part B included an eccentric training program for participants with NSP for 5 consecutive weeks, in line with previous research. 32 For each participant, training started 3 to 7 days after completing the baseline testing and took place during working hours and within the University facilities. The final session (postintervention) was carried out within 3 to 7 days after the last training session. 32 Self-reported pain intensities were also collected at 3-and 6-month follow-ups.
Clinical Outcomes
Participants were asked to rate their worst pain within the last 24 hours and their average NSP intensity during the previous week, using an 11-point NPRS. 33 On the basis of the Nordic Musculoskeletal Questionnaire, 34 questions on pain and discomfort during the past 12 months were posed for the neck and shoulder region. The Danish version of the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire, 35 and the Neck Disability Index (NDI) 36 were used to identify self-reported function. The NDI is a valid and reliable tool, with ICCs ranging in previous studies from 0.50 [95% confidence interval (CI), 0.25-0.67] to 0.98 (95% CI, 0.97-0.99). 37 frequently used to assess functionality in workplace interventions. 31 The DASH questionnaire is the most recommended scale to assess individuals with shoulder disorders. 38 A 15-point global rating of change scale (GRCS) (from −7, "a very great deal worse" to +7, "a very great deal better") was used as a patient-rated change measure to assess the efficacy of intervention. 39 With the GRCS, participants were asked to compare the overall functional condition of their neck/ shoulder from baseline to postintervention. A score ≥ 5 was considered as "important improvement." 39 
Manual and Cuff Pressure Algometry
A handheld electronic pressure algometer (Somedic AB, Hörby, Sweden), with a 1-cm 2 contact probe, was used. Pressure pain thresholds (PPTs), as the minimum necessary pressure force to evoke pain, 40 were assessed on both sides. The algometer was perpendicular to the skin while applying a constant rate of 30 kPa/s, and participants had to press the handheld button when the pressure exerted turned to pain. Pressure algometry is reliable in healthy individuals ICC (0.91) (95% CI, 0.82-0.97), 41 and in neck pain ICC (0.78-0.93) (95% CI, 0.53-0.97). 30 PPTs were measured twice over: (1) the middle point of the upper trapezius muscle belly; and (2) the muscle bellies of the extensor carpi radialis brevis and the extensor carpi ulnaris. 8 A point 40 mm downward from the lateral epicondyle was marked with a wax pencil. Thereafter, 2 points were symmetrically located 20 mm anterior (extensor carpi radialis brevis) and 20 mm posterior (extensor carpi ulnaris) to the first point. 8 A 30-second break was used between assessments to prevent bruising, 42 and an average of the 2 measures over each site was calculated for the statistical analysis.
For cuff pressure algometry, a computer-controlled cuff-algometer (Nocitech and Aalborg University, Aalborg, Denmark) 43 was used to evaluate distal sensitization at both lower legs by means of pain detection threshold (PDT) and pain tolerance threshold (PTT). A single 13-cm-wide cuff (VBM, Sulz am Neckar, Germany) was wrapped around the calf area, at the level with the maximum circumference. 44 The cuff pressure was increased by 1 kPa/s, with the maximal pressure set up at 100 kPa. Participants had to rate their pain intensity on a 10-cm electronic visual analog scale (VAS), and to press a button to release the cuff inflation when the pain was unbearable (PTT). PDT was considered as the pressure corresponding to the first VAS rating ≥ 1 cm. 45 Computer-controlled cuff algometry constitutes an examiner-independent procedure for assessment of pain, and shows good to excellent reliability in healthy patients and patients with chronic pain up to 1 month. 43, 46 TSP TSP was collected from the lower leg corresponding to the painful/most painful neck/shoulder, and the same side matched on dominance for controls. Ten consecutive cuff pressure stimuli (1-second duration and 1-second break interval) were delivered by inflating the cuff chamber at the same intensity than the PTT. 45 During intervals, a nonpainful pressure of 1 kPa was applied. Participants had to continuously rate their pain on the electronic VAS without returning to 0 during breaks. TSP was defined as the difference between the mean VAS score from the eighth to the tenth stimulus (VAS-II) and the mean VAS value from the first to the fourth stimulus (VAS-I) (eg, VAS-II minus VAS-I). 44 A higher value indicates enhanced TSP.
CPM
The experimental tonic pain was evoked on the contralateral leg (calf area) with a continuous cuff-induced painful stimulus, set at 70% of the PTT on that side (conditioning stimulus), 47 corresponding to a moderate pain intensity (∼5 to 6 on the VAS). 48 Simultaneously, PDT and PTT were evaluated (test stimulus) on the leg corresponding to the painful/most painful side (NSP group), or the dominant side (control group). The conditioning stimulus was terminated when the PDT and PTT assessments were completed. The CPM effect was defined as follows: (1) the difference between PDT during versus before conditioning, 47 and (2) the percentage increase in PDT when comparing baseline with scores during conditioning pain. 45 A lower CPM value indicates a less efficient central pain inhibition.
Eccentric Training
The intervention consisted of 10 sessions of ∼25 to 30 minutes of a unilateral eccentric exercise of the upper trapezius. Training took place twice a week over 5 consecutive weeks, as neural activation increases after 4 weeks of eccentric training. 49 A custom-built dynamic shoulder dynamometer (Aalborg University, Aalborg, Denmark) was used. 50 Participants were seated with back support and no feet support. When required, a corselet was used to prevent uneven loading of the spine. During baseline, the maximal voluntary contraction (MVC) of the painful/most painful side was assessed. Participants relaxed their shoulders, the dynamometer's pad was lowered to the shoulder's level (3 cm medial to the acromion), and they were encouraged to perform an isometric shrug shoulder force for 3 seconds. 32 The MVC was recorded 3 times (2-minute break between every test), and the average value was used for individually adjusting the load during training. All sessions started with a 5-minute warm-up. After a 2-minute break, participants sat in the dynamometer, and the range of shoulder elevation (highest and lowest vertical position) was measured for the affected side. During training, participants were instructed to perform the eccentric exercise counteracting the delivered downward vertical force from the highest to the lowest shoulder position. Three bouts of 10 repetitions at 60% of MVC init (sessions 1 to 3), 8 repetitions at 70% of MVC init (sessions 4 to 6), and 6 repetitions at 80% of MVC init (sessions 7 to 10) were carried out, with a 3-second rest between contractions and a 2-minute break between bouts. 32 
Statistical Analysis
The sample size was based on detecting (1) clinically significant differences in the comparison between groups of 20% on manual pressure algometry (estimated interindividual coefficient of variation for measure of 20%) 51 and (2) a difference in VAS during TSP of 1.5 cm (estimated SD of 1.5 cm) between stimuli 10 and stimuli 1. 45 Considering an alpha value of 0.05, and a desired power of 80%, 18 participants were required per group (Epidat 3.1, Xunta de Galicia, Spain).
Statistical processing was carried out using the PASW Advanced Statistics (SPSS Inc., Chicago, IL), version 24.0. Data are reported as the mean, SE of the mean (SEM), and 95% CI. The Shapiro-Wilk test was used to test the normal distribution of the variables. For part A, mixed-model ANOVAs were used to compare the differences between groups on PPT, TSP, and CPM. For part B, a repeated measures ANOVA was applied to assess changes in pain intensities, neck/shoulder function, sensitization, and central pain responses from baseline to postintervention. Bonferroni adjustment for post hoc multiple comparisons of pain intensities was used. For part A, the Spearman rank test or Pearson product-moment correlation coefficient analysis with Bonferroni's correction was used to test for associations at baseline between clinical data (years working with computers, working hours per week, and duration of symptoms) and outcome measures (pain intensities, neck/ shoulder function, PPT over the painful side, TSP, and CPM). Statistical significance was set at a P < 0.05.
RESULTS
One participant with NSP completed the manual pressure algometry evaluations, but was afraid of using the cuff pressure algometer and dropped out after baseline. A total of 19 participants were included in the treatment protocol, without the occurrence of adverse reactions or dropouts (Fig. 1) .
Fifteen female individuals with NSP (75%) reported bilateral symptoms, with 14 of them mostly on their right side, and with a mean pain duration in this group of 120 months (39 to 207 mo). The number of working hours per week using a computer were not different between groups (P = 0.742). Participants with NSP reported higher pain intensity (P < 0.001), poorer levels of the neck, shoulder, and upper extremity functionality (P ≤ 0.001), and had worked with computers statistically longer than controls (P = 0.030) ( Table 1) .
Clinical Outcomes
Pain intensities and neck/shoulder disability decreased significantly at postintervention (P < 0.05), except for the DASH work module (P = 0.107) ( Table 2 ). The reduction in worst pain during the last 24 hours and pain average within the previous week remained significant at 3-and 6-month follow-ups (P = 0.002) ( Table 2 ). Ten participants (52.63%) reported an "important improvement" in the GRCS (score ≥ 5) after training.
Comparision of Female Individuals With and Without NSP
There were no differences between groups either for PPTs over the neck and forearm (all P > 0.05) (Fig. 2A) (Fig. 3A) .
The VAS scores during the 10 repeated cuff stimulations showed a significant progressive increase in both groups, illustrating the TSP effect. The analysis of the differences from VAS-II to VAS-I showed no group effect (F = 0.004, P = 0.947) (Fig. 4A) .
Finally, participants with NSP had a 30% lower CPM response in their PDT compared with controls, although differences between groups in their CPM efficiency (PDT during vs. before conditioning) were not statistically significant (−5.67 kPa [95% CI, −11.59 to 0.25 kPa], F = 3.758, P = 0.059) (Figs. 5A, B) .
Effect of Training on Pain Sensitivity and Central Pain Mechanisms
Following eccentric training, PPTs increased significantly over the neck and forearm (P < 0.001) (Fig. 2B) . A significant improvement was also observed for the PTT (7.1 ± 2.2 kPa) on the contralateral lower leg (P = 0.004) (Fig. 3B) .
For TSP, no within-subjects differences were observed between baseline and postintervention (P = 0.497) (Fig. 4B) . Finally, PDT during conditioning was significantly higher than PDT without conditioning (27.1 ± 2.3 vs. 19.5 ± 1.49 kPa; P < 0.001) (Fig. 5A) , indicating a within-group CPM effect (P = 0.014) (Fig. 5B) .
Correlation Analysis
In participants with NSP, a significant negative correlation was found at baseline between CPM and upper limb disability (DASH). No other significant correlations were observed (Table 3) .
DISCUSSION
We showed for the first time that a 5-week unilateral eccentric training regime of the upper trapezius improved clinical outcomes (pain intensity and disability) immediately after training in female computer users with long-lasting NSP. Changes in pain intensities remained significant in the short and medium terms. CPM was negatively associated with self-reported measures of pain and function in patients with NSP. Higher distal sensitization, by means of increased PTTs, was observed in the NSP group compared with controls. The eccentric training protocol enhanced CPM and reduced local and widespread pressure pain sensitivity. 
Clinical Outcomes
Eccentric training significantly decreased pain intensities postintervention and at follow-ups. These changes were above the minimal clinically important change of the NPRS (2.5 points). 52 Improvements in disability also surpassed the clinically relevant threshold of the NDI (3.5 points), 52 but not of the DASH (12.4 points). 53 These findings were consistent with the fact that 10 participants reported an "important improvement" after training in the GRCS. The GRCS is widely used in the clinical setting, although it is questionable to which extent patients are able to accurately recall their previous health state. 39 There is evidence for the efficacy of strength training for relieving and preventing NSP among office workers. 54, 55 Especially, worksite physical activity programs are highly effective in reducing neck/shoulder symptoms in computer users. 56, 57 One hour of exercise per week and flexibility to fit the training sessions into the work routine are key aspects to achieving a positive impact. 58 Both of them were taken into account, which may help to understand the current positive findings. However, there is no consensus as to which specific exercises are the most effective. 56, 59 Eccentric training not resulting in adverse effects is feasible when exercise intensity is gradually increased. 60 Eccentric exercises have the potential to evoke centrally mediated changes in pain sensitivity. 61 As compared with concentric or isometric training, eccentric contractions result in a swift adaptation that can produce greater improvement in strength, 62 stimulate muscle growth and increase neural drive. 63 Indeed, consecutive sessions of eccentric exercises may develop protection against subsequent muscle damage, and decrease pain sensitivity and soreness. 26 Eccentric exercise is known to result in delayed-onset muscle soreness when unaccustomed. 64 However, the repetition of eccentric exercise results in protective adaptation, referred to as the repeated bout effect, which can be explained by the interaction of neural, mechanical, and cellular mechanisms. 65 Neural adaptation causes a shift in the recruitment of motor units and/ or increased motor unit synchronization. Changes in the muscle viscoelastic properties represent the mechanical adaptation, while cellular adaptation is supported by evidence for serial sarcomere addition, inflammatory responses, and changes in excitation-contraction coupling. 65 The repeated bout effect has also been reported as lack of mechanical sensitization, 26 or hypoalgesia. 26, 65 In line with the present findings, eccentric training ranging from 4-to 12-week duration provides relief from pain and improves function and mobility in patients with subacromial impingement syndrome. 66, 67 This is the first study to address eccentric training in computer users with moderate intensity and long-lasting NSP. The present results are very promising, but further research is needed, including randomized control trial set up.
Comparison of Female Individuals With and Without NSP
Contrary to the present findings, higher localized mechanical sensitivity to pain has been reported among NSP patients compared with controls. 29, [68] [69] [70] [71] [72] [73] More specifically, 3 of these studies addressed women, 68,69,73 but only 1 of them included office workers. 68 Conflicting to this latter study, 68 previous research did not show higher local sensitization in computer users with chronic musculoskeletal pain compared with pain-free participants, 8, 31 which is in line with the present results. There is also mixed evidence for widespread hyperalgesia within this population. Female office workers with moderate neck pain and disability displayed generalized hypersensitivity compared with controls. 31 On the contrary, Ge et al 8 reported no differences in PPTs at a remote site (tibialis anterior) between computer users with or without musculoskeletal pain in the neck/ shoulder. In the current study, higher distal sensitization, as assessed by PTT at the lower legs, was found in the NSP group compared with control participants. Differences in sensory-related thresholds at noninjured sites may reflect altered central pain processing in women with chronic NSP. 73 However, whether the differences in PTTs represent true distal hyperalgesia in females with NSP, show a discrepancy in their willingness to tolerate pain compared with controls, or simply reflect certain psychological traits of the NSP group, 74 remains unclear.
The conflicting findings among studies persist when stimuli other than mechanical stimuli (eg, thermal or vibratory) are used. 75 There are some plausible explanations to account for these differences. First, in female individuals with NSP, pain hypersensitivity seems to depend on the type of painful stimuli, 76 levels of pain and disability, 31 as well as pain duration. 5 The current sample reported mild disability (NDI between 9 and 29), 31 thus a less developed level of sensitization was to be expected. 31, 70 Second, the term nontraumatic NSP is heterogenous. 75 WMSDs in the neck/ shoulder are the result of a complex relationship between the individual, physical and psychosocial risk factors 1 ; thus, subgrouping patients within this disorder may help to understand those individuals in whom central sensitization may play a role. 72 For instance, different sensitization mechanisms are observed in acute or chronic mechanical neck pain, 72 and patients with radiating neck pain respond differently to nociceptive signals than those with localized neck pain. 77 Likewise, widespread pain in the working population seems to be associated with aspects such as physical loading at work, age, and sex. 78 However, in the current study, conducting such an analysis will not be appropriate due to the relatively low sample size. Finally, chronic NSP is generally episodic over a lifetime; hence, nociceptive inputs are not permanent, which may prevent abnormal central pain modulation. 75 Contrary to other musculoskeletal conditions, such as fibromyalgia, 13 back pain, 79 and whiplash-associated disorders, 71 nonspecific NSP did not result in generalized sensory hypersensitivity. 71 No differences in central pain gain (as the difference in pain ratings between the first few and the last few stimuli) 44 were observed between the study groups. Contrary to these findings, females with pelvic pain, 80 temporomandibular disorders, 81 and whiplash-associated disorders 82 show enhanced TSP to thermal or mechanical stimuli. Chua et al 83 FIGURE 5. Conditioned pain modulation, expressed as differences in PDTs and PDT percentage increase from before versus during conditioning stimulation. Control group is represented in white, and neck/shoulder pain group is represented in gray (baseline) and black (after intervention). *P < 0.05. PDT indicates pain detection threshold.
observed conflicting responses in TSP after electrical stimuli in neck pain patients. Pain distribution (local or radiated) may influence central pain responses in neck pain. 77 In fact, enhanced TSP has been described in radiating, but not in local neck pain. 77 Likewise, psychological factors may be a modulating mechanism of central pain modulation responses. 84 TSP can be calculated in different ways, such as the difference between the first 5 and last 5 stimuli when using a pinprick system, 85 or by rating the first, fifth, and tenth stimuli when using heat stimuli. 86 These methodological differences should be considered when comparing studies.
With regard to CPM efficiency, there were no significant differences between groups. A possible explanation for this phenomenon is that CPM has no additive effect. CPM may fail when a conditioning pain stimulus is administered in the presence of 2 already existing pain stimuli (clinical pain and test stimulus). Therefore, the ongoing clinical pain may act as a conditioning stimulus that has already activated the descending and inhibiting pathways. 87 Current evidence about central sensitization in nonspecific NSP is inconclusive. 75 In a similar study protocol and in line with the present findings, no differences in CPM were found among computer users with or without a low level of musculoskeletal pain. 8 The same findings have been reported in chronic isolated neck 83 or shoulder pain. 88 The current study found that CPM was negatively correlated with self-reported disability, suggesting that ongoing pain intensity and disability may influence central pain processing, as observed in computer users with chronic pain, 8 and in painful knee osteoarthritis. 11 
Effect of Training on Pain Sensitivity and Central Pain Mechanisms
The eccentric training augmented PPTs on the treated and nontreated sides above the 20% clinically meaningful threshold. 51 Training effects in the unexercised contralateral limb following unilateral strength training (cross-transfer) have been previously documented. 89 Indeed, a contralateral repeated bout effect occurs after eccentric contractions, although the underlying physiological mechanisms remain unclear. 90 Exercise-induced hypoalgesia has been confirmed following eccentric exercises of the upper trapezius, 26 and wrist extensor muscles, 25 suggesting that pain sensitivity could be normalized following repeated eccentric exercise. 61 Even as little as 2 minutes of daily resistance training results in reductions of pain in adults reporting neck/shoulder symptoms. 91 Previous research shows that TSP is modulated in healthy participants after short duration isometric exercises, 92, 93 and in the presence of delayed-onset muscle soreness, 94 but not after eccentric exercises of jaw muscles. 95 A submaximal aerobic exercise reduces TSP in chronic whiplash-associated disorders. 96 Most of the studies in this area assessed changes in TSP after a single exercise session, which does not reflect clinical practice. This is also the first study to evaluate changes following a 5-week training regime. The differences among studies could be understood on the basis of the different stimuli used to evoke TSP, as mechanical stimuli have a less pronounced effect on pain modulation measurements. 96 Besides, the degree of pain sensitivity, 97 and psychosocial variables, 98 seem to influence patients' capacity to modulate pain through exercise-induced hypoalgesia.
The successful management of pain with eccentric training may help to explain the improvement in CPM among females with NSP, as pain modulation seems to influence the efficacy of endogenous pain inhibition. 87 This is clinically relevant because eccentric exercises could eventually prevent pain chronification through exercise-induced hypoalgesia 22 and, therefore, help to avoid dysfunctional central pain modulation in the portion of NSP with moderate to severe intensity. Local exercises show widespread pain-inhibitory effects, suggesting central response. 99 Exercising may activate descending pain-inhibitory pathways. 99, 100 Furthermore, improvements in pain intensity after training are correlated with changes in intramuscular pain modulatory substances in women with chronic NSP. 101 On the basis of the contradictory findings of central pain gain and pain-inhibitory mechanisms, it cannot be concluded that female computer users with NSP exhibit improved central pain modulation in response to eccentric exercises, but the results are promising in this sense.
Limitations
This study is explorative in nature, includes a small sample size, and lacks assessor blinding; thus, results should be interpreted carefully. Without a control group for part B, it is difficult to assure that results after training are not influenced by a learning effect. In the NSP group, the baseline scores for the NDI and the DASH questionnaire represented "mild disability" and "no problem to work," respectively; thus, these outcomes were not assessed during follow-up. Work-related exposures may influence the prognosis of NSP, 102 and were not controlled in this study. Furthermore, participants were not specifically addressed for their general physical activity level. This could be a confounding factor for its influence on pain-inhibitory and facilitatory mechanisms. 103 Psychosocial features could have influenced TSP responses, 84 but were not evaluated. Finally, it may be of interest to investigate the impact of a bilateral training program, the efficacy of repeated eccentric exercises on strength gains, and whether different results could be expected on TSP and CPM with stimuli other than mechanical stimuli.
CONCLUSIONS
A worksite unilateral eccentric training program of 5-week duration resulted in clinically relevant improvements of pain and disability in female computer users with chronic NSP. Changes in pain intensity remained significant at follow-up assessments. This study revealed that female computer users with a moderate level of NSP showed higher widespread sensitization, but no differences in central pain gain and CPM compared with controls. The eccentric protocol reduced local and distal pressure pain sensitivity and enhanced CPM in participants with NSP.
